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Description 

The present invention relates to a chaperone 
expression plasmid. More particularly, the present 
invention relates to an operon comprising polynucle- 5 
otides encoding each of chaperones DnaK, DnaJ and 
GrpE; an expression plasmid carrying the operon; a 
cotransformant prepared by introducing the expression 
plasmid into Escherichia coli (hereinafter simply 
referred to as "E. coli") together with an expression vec- io 
tor for a foreign protein; and a method for producing a 
foreign protein using the cotransformant. 

E. coli serves ideally as a host for production of het- 
erologous proteins at low costs and high yields, 
because it can easily be grown to high densities and the 15 
studies on the host-vector systems have been most 
advanced and many high-expression vectors have been 
developed. E. coli host-vector systems are, therefore, 
most widely utilized as expression systems for heterolo- 
gous genes. 20 

However, many heterologous proteins, especially 
eukaryotic proteins, associate with each other in cyto- 
plasm and form biologically inactive insoluble aggre- 
gates known as "inclusion bodies" when expressed at 
high levels in E. coli. There is an advantage in formation 25 
of an inclusion body in that it is made possible to protect 
the expressed protein against degradation by proteases 
in host cells and to easily separate the inclusion body by 
centrifugation from the cells. In order to obtain the 
desired biologically active protein, however, it is neces- 30 
sitated that the inclusion body to be denatured and sol- 
ubilized, followed by renaturation (refolding). This 
solubilization-renaturation process is performed on the 
basis of repeated trial and error for individual proteins, 
but often fails to achieve satisfactory recovery rates. In 35 
some cases, renaturation is not always possible. Also, 
not a few heterologous proteins are degraded by pro- 
teases in E. coli and fail to achieve high expression lev- 
els. There have not yet been found a well-established 
means for solving such problems of insolubilization and <w 
degradation of expression products. Attempts to mass- 
produce biologically active proteins in E. coli have not 
always been altogether successful. 
Coexpression of chaperones and the like has been 
known, and a number of reports have been made. 45 
DnaK, DnaJ and GrpE are chaperones that coopera- 
tively act in protein folding. It has been considered that 
the ATP bound to DnaK is first hydrolyzed upon DnaJ 
binding to an unfolded protein substrate, resulting in the 
formation of an unfolded protein-DnaJ-DnaK (ADP so 
binding type) complex, and thereafter ADP/ATP 
exchange takes place by GrpE, resulting in the release 
of the protein substrate from the complex [Szabo, A et 
al., Proc. Natl. Acad. Sci. USA 91. 10345-10349 
(1994)]. 55 

The dnaK and dnaJ genes are located at the same 
operon on the E. coli chromosome, while the grpE gene 
is located at a site apart from the above operon. To date, 
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there have been reported a method of coexpression of 
a desired protein with DnaK alone or with both DnaK 
and DnaJ [Blum, P. et al., BioTechnoi. 10, 301-304 
(1992); Perez-Perez, J. etal.. Biochem. Biophys. Res. 
Comm. 210, 524-529 (1995)]; a method of coexpres- 
sion of a desired protein and DnaJ alone (Japanese 
Patent Laid-Open No. Hei 8-308564); a method of 
expression of DnaK and DnaJ, and of GrpE from 
respectively different plasmids [Caspers, P. et al.. Cell. 
Mol. Biol. 40, 635-644 (1994)]; and a method of inde- 
pendent expression of DnaK and DnaJ and of GrpE 
from the same plasmid using the same promoter 
[Stieger, M. and Caspers, P., Immunology Methods 
Manual, 39-44 (1997)] However, these methods have 
the drawbacks described below. 

Specifically, DnaK, DnaJ and GrpE, which act in 
cooperation with each other, are expected to be more 
effective when coexpressed, and it is very likely that 
their inherent chaperone function is not fully exhibited 
simply when DnaK alone or only DnaK and DnaJ are 
expressed. Also, in the method in which DnaK and 
DnaJ, and GrpE, are expressed from the respectively 
different plasmids, since it is difficult to allow a total of 
three plasmids, including the expression plasmid for the 
desired protein, to be coexisted in E. coli, the gene for 
GrpE and the gene for the desired protein are placed on 
a single plasmid, which in turn necessitates that the 
expression plasmids need to be constructed to adapt to 
individual desired proteins. Moreover, since the same 
promoter is used for expression of GrpE and the desired 
protein, there arises a defect in that the expression of 
the desired proteins cannot be increased to sufficient 
levels. Further, in the method in which DnaK and DnaJ, 
and GrpE, are independently expressed from the same 
plasmid using the same promoter, another problem 
arises in the plasmid stability because of the presence 
of two units of the same promoter. 

It has been well known to use protease mutants of 
E. coli as hosts to reduce the degradation of foreign pro- 
teins in E. coli. For example, deletion mutants for Lon 
proteases are preferably used. In addition, there has 
been known a method using rpoH mutants to suppress 
Lon and Clp proteases, since the induction of their 
expression is controlled by a 32 , encoded by the rpoH 
gene (Japanese Unexamined Patent Publication No. 
Sho 61-501307. WO 85/03949). Also, there has been 
known a method for stably expressing foreign proteins 
using double-mutants having mutations in the dpPX 
and lon genes (Japanese Patent Laid-Open No. Hei 8- 
140671). 

H should be noted, however, that cr 32 also controls 
the induction of expression of chaperones, such as 
DnaK. DnaJ, GrpE. GroEL and GroES GroEL and 
GroES are essential for the growth of E. coli. and rpoH 
deletion mutants cannot grow at temperatures exceed- 
ing 20°C. Therefore, missense mutations have conven- 
tionally been used for rpoH mutants (htpR mutants). It 
is desired, however, that the rpoH deletion mutants be 
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used to more completely suppress the induction of 
expression of various proteases, such as Lon protease 
and Clp protease. 

There have been reported a large number of suc- 
cessful cases of solubilization of foreign proteins that s 
otherwise remain insolubilized in E. coli by compres- 
sion of the foreign protein and GroEL and GroES. 
Examples thereof include, for instance, tyrosine kinase 
[Caspers, P. et al., Cell Mol. Biol. 40, 635-644 (1994); 
Amrein, K.E. et al.. Proc. Natl. Acad. Sci. USA 92, »< 
1048-1052 (1995)]; glutamate racemase [Ashiuchi. M. 
et al.. J- Biochem. 117, 495-498 (1995)]; and dihydro- 
folate reductase [Dale. G.E. et al.. Protein Eng. 7, 925- 
931 (1994)]. Other reported cases include improvement 
of solubility of human growth hormone by coexpression J 
of DnaK [Blum, P. et al., Biotechnol. 10, 301-304 
(1992)], transglutaminase solubilization by coexpres- 
sion of DnaJ (Japanese Patent Laid-Open No. Hei 8- 
308564), and tyrosine kinase solubilization by coex- 
pression of DnaK. DnaJ and GrpE [Caspers, P. et al., £ 
Cell Mol. Biol. 40, 635-644 (1994)]. It remains very diffi- 
cult, however, to predict which foreign protein and which 
chaperone are to be coexpressed to what extent. 
Thus, the technical problem underlying the present 
invention was to solve the above problems in prior art. i 
The solution to the technical problem is provided by the 
embodiments characterized in the claims. 
Accordingly, the present invention relates to an operon 
comprising polynucleotides encoding chaperones 
which can be used for expression of a foreign protein in . 
the cells of E. coli in stabilized and solubilized form. 
In one embodiment, the present invention provides an 
expression plasmid carrying the operon. 
In another embodiment, the present invention provides 
a cotransformant prepared by introducing the expres- 
sion plasmid into Escherichia coli together with a for- 
eign protein expression vector. 
In still another embodiment, the present invention pro- 
vides a method for producing a foreign protein using the 
cotransformant. 

According to the present invention, a plasmid for 
expressing the dnaK, dnaJ and grpE genes joined 
together as a single operon under control of a single 
promoter has been constructed. In accordance with the 
present invention, the efficiency of protein folding in the 
DnaK/DnaJ/GrpE chaperone system is increased by 
expressing DnaK, DNaJ and GrpE in E. coli. In addition, 
the functions of both the DnaK/DnaJ/GrpE and 
GroEL/ES systems, the major chaperone systems in E. 
coli, are enhanced. Thus, the efficiency of folding of the 
desired protein is further increased by inserting the 
groESgroEL gene onto the same plasmid as described 
above under control of another promoter, and express- 
ing the gene product in £ coli mutants including pro- 
tease mutants and rpoH mutants. In particular, the 
present invention makes it possible to coexpress suita- 
ble amounts of DnaK, DnaJ and GrpE in the presence 
of supplemented GroEL and GroES. essential for the 



growth of rpoH mutants, thereby 
expressing the desired protein in stabilized and solubi- 
lized form. 

In sum, the present invention pertains to the follow- 



ing: 



(1) An artificial operon comprising polynucleotides 
encoding each of chaperones DnaK, DnaJ and 
GrpE; 

(2) The artificial operon described in item (1) above, 
further comprising an inducible promoter; 

(3) The artificial operon described in item (1 ) above, 
wherein the inducible promotor is selected from the 
group consisting of lac, trp, araB and Pzt-T, 

(4) A plasmid carrying the artificial operon 
described in any one of items (1) to (3) above, usa- 
ble for expression of DnaK, DnaJ and GrpE; 

(5) The plasmid described in item (4) above, further 
comprising a groE operon ligated to an inducible 
promotor, the plasmid being capable for expression 
of DnaK, DnaJ, GrpE, GroEL and GroES; 

(6) The plasmid described in item (5) above, 
wherein the inducible promotor ligated to a groE 
operon is selected from the group consisting of lac. 
trp, araB and Pzt-1 ; 

(7) A cotransformant obtainable by introducing the 
plasmid described in any one of items (4) to (6) 
above into E. coli together with an expression vec- 
tor for a foreign protein. 

(8) The cotransformant described in item (7) above, 
wherein E. coli is a protease mutant; 

(9) The cotransformant described in item (8) above, 
wherein the protease mutant is a lon-clpPX double 
mutant or a lon-clpPX-hslV/U triple mutant; 

(10) The cotransformant described in item (7) 
above, wherein E. coli is a pIsX mutant; 

(11) The cotransformant described in item (7) 
above, wherein E. coli is an rpoH mutant; 

(12) The cotransformant described in item (11) 
above, wherein the rpoH mutant is an rpoH dele- 
tion mutant; 

(13) A method for producing a foreign protein com- 
prising using the cotransformant described in any 
one of items (7) to (12) above, or item (17); 

(14) A method for producing a foreign protein com- 
prising: 

(a) culturing the cotransformant described in 
any one of items (7) to (12) above, or item (1 7) 
under conditions that cause expression of the 
chaperones and the foreign protein; and 

(b) recovering said foreign protein from the cul- 
ture. 

(15) The method described in item (13) or (14) 
above, wherein the cotransformant is cultured 
under the conditions for induction of chaperones 
that the expression levels of DnaK, DnaJ and GrpE. 
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and the expression levels of GroEL and GroES are 
at levels suitable for stabilization and/or solubiliza- 
tion of the foreign protein; 

(16) A kit comprising the artificial operon described 

in any one of items (1) to (3) above, the plasmid 5 
described in any one of items (4) to (5) above, 
and/or the cotransformant described in any one of 
items (7) to (12) above, or item (17); and 

(17) The cotransformant described in any one items 

(7) to (12) above or the method described in any jo 
one of items (13) to (15) above, wherein the foreign 
protein is selected from the group consisting of 
interferons, interleukins. interleukin receptors, inter- 
leukm receptor antagonists, granulocyte colony- 
stimulating factors, granulocyte maciophage col- is 
ony-stimulating factors, macrophage colony-stimu- 
lating factors, erythropoietin, thrombopoietin, 
leukemia inhibitors, stem cell growth factors, tumor 
necrosis factors, growth hormones, proinsulin. insu- 
lin-like growth factors, fbroblast growth factors, so 
platelet-derived growth factors, transforming growth 
factors, hepatocyte growth factors, bone morpho- 
genetic factors, nerve growth factors, ciliary neuro- 
trophic factors, brain-derived neurotrophic factors, 
glia cell line-derived neurotrophic factors, neurotro- 25 
phine, prourokinase. tissue plasminogen activators, 
blood coagulation factors, protein C, glucocerebro- 
sidase, superoxide dismutase. renin, lysozyme, 
P450, prochymosin, trypsin inhibitors, elastase 
inhibitors, lipocortin, reptin, immunoglobulins, sin- so 
gle-chain antibodies, complement components, 
serum albumin, cedar pollen allergens, hypoxia- 
induced stress proteins, protein kinases, proto- 
oncogene products, transcription factors and virus- 
constituent proteins. 35 

The Figures show; 

Figure 1 is a schematic view showing a plasmid pG- 
KJE6; 40 
Figure 2 shows results of electrophoresis of NK284 
and NK287. wherein the left panel shows results of 
SDS-PAGE of an induction of expression of a chap- 
erone by 1 mg/ml L-arabinose. and the right panel 
shows results of Western blotting showing a solubil- « 
fty of prourokinase (proUK), wherein S denotes a 
soluble fraction, and I denotes an insoluble fraction. 
Figure 3 shows results of SDS-PAGE showing an 
induction of expression of a chaperone from pG- 
KJE6 in JM109, wherein the numerical figures on so 
each lane indicate concentrations of L-arabinose 
(Ara) and tetracycline (Tc); 

Figure 4 shows results of electrophoresis of NK241 , 
wherein the left panel shows an induction of 
expression of a chaperone by various concentra- 55 
tions of Ara and Tc; and the right panel shows an 
expression of Cryjll; 

Fi gure 5 shows results of electrophoresis showing 



a property (solubility) of Cryjll in a fraction prepared 
by fractionating the same samples in each lane of 
Figure 4 to a soluble fraction and an insoluble frac- 
tion, wherein S denotes a soluble fraction, and I 
denotes an insoluble fraction; 
Figure 6 is a graph showing the stability of Cryjll 
coexpressed with various chaperones, wherein the 
Cryjll level at 0 minute is defined as 1 , and a half-life 
of Cryjll level is defined as a time period in which 
the remaining Cryjll level is 0.5 that of the initial 
level; 

Figure 7 shows results of electrophoresis showing 
expression of Cryjll in various chaperone mutants, 
wherein MC denotes a parent strain MC4100, K" 
denotes C4100 AdnaK52, J" denotes MC4100 
AdnaJ259, E' denotes MC4100 grpE280, L" 
denotes MC4100 groEL44, and S" denotes 
MC4100 groES72, and wherein S denotes a solu- 
ble fraction, and I denotes an insoluble fraction; 
Figure 8 shows results of electrophoresis, wherein 
the upper panel shows an induction of expression 
of a chaperone, and the lower panel shows the 
expression of Cryjll, each being evaluated by vari- 
ous concentrations of Ara and Tc in an rpoH dele- 
tion mutant; 

Fi gure 9 shows results of electrophoresis showing 
solubility of Cryjll by fractionating the same sam- 
ples of each lane of Figure 8 into a soluble fraction 
and an insoluble fraction, wherein S denotes a sol- 
uble fraction, and I denotes an insoluble fraction; 
and 

Figure 10 shows results of electrophoresis, wherein 
the upper panel shows an induction of expression 
of a chaperone, and the lower panel shows the 
expression of ORP150, each being evaluated by 
various concentrations of Ara and Tc in an rpoH 
deletion mutant, wherein both ends of the lane in 
each panel indicate molecular weight markers, and 
where in the right panel S denotes a soluble frac- 
tion, and I denotes an insoluble fraction. 

In the present invention, the chaperone may be any 
protein, as long as it is involved in protein folding. In the 
present invention, chaperones derived from E. coli are 
preferred. Examples of such chaperones include, for 
instance, DnaK, DnaJ, GrpE, GroEL, GroES, 
HscA/Hsc66. CbpA, FttpG, and the like. DnaK, DnaJ, 
GrpE, GroEL and GroES are more preferable from the 
viewpoint of expression of foreign proteins in a stabi- 
lized and solubilized form in E. coli. It is particularly pref- 
erable to use in combination with the DnaK/DnaJ/GrpE 
chaperone systems and the GroEL/GroES chaperone 
systems from the viewpoint of cooperative action of 
such chaperones. 

The present invention provides an operon encoding 
the chaperone. The term "operon" used in the present 
invention is defined as a group of genes, each of which 
encodes the above-described chaperone, forming a 
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transcription unit under the control of a single promoter, 
which includes a natural or artificial operon. In the 
present invention, it is preferable to use an artificial 
operon derived from E. coii comprising polynucleotides 
encoding DnaK. DnaJ and GrpE, which is referred to as 
dnaK/dnaJ'grpt operon. Also, it is more preferable to 
use the dnaK/dnaJ/grpE operon in combination with an 
operon comprising polynucleotides encoding GroEL 
and GroES. which is referred to as a groE operon, 
GroEL and GroES being required for the growth of E. 

COll. 

The draK/dnaJ/grpE operon of the present inven- 
tion is capable of more efficiently exhibiting the function 
of chaperones expressed than known dnaKldnaJ oper- 
ons. Conaete examples of using prourokinase as a for- 
eign protein aie given below. 

From the viewpoint of regulation of the expression 
level of the chaperone of the present invention, it is pref- 
erable that the promoter controlling the transcription of 
the above-described operon be an inducible promoter. 
Examples of the inducible promoter include, for 
instance, lac, tac. trc, trp, araB. Pzt-1. XP L , and the 
like The lac. tac and trc promoters can be induced by 
using isopropyl-1-thio-p-D-galactopyranoside (IPTG); 
the trp. araB and P?t- 1 promoters can be induced by 
using 3-indoleacrylic acid (IAA), L-arabinose and tetra- 
cycline, respectively: and the kP L promoter can be 
induced at a high temperature (42°C). Also usable is a 
T7 promoter, which is specifically and strongly tran- 
scribed by a T7 RNA polymerase. In the transcription by 
T7 RNA polymerase, induction of the above T7 RNA 
polymerase by using IPTG is made possible using an E. 
coh strain harboring a lysogenized X phage carrying the 
T7 RNA polymerase gene located downstream of the 
lac promoter 

The above-described promoters are contained in 
known vectors, and they can be used after being appro- 
priately cut out from the respective vectors with restric- 
tion endonucleases, and the like. 

The plasmid of the present invention has one of the 
above-described operons, and expresses one of the 
above-described chaperones after being introduced 
into E cuti. Accordingly, plasmids carrying a 
dnaK/dnaJlgrpE operon are preferred, with greater 
preference given to plasmids carrying both the 
dnaK/dnaJ/grpE operon and the groE operon. 

As descrbed above, these plasmids preferably 
express chaperones of the present invention, i.e., 
DnaK. DnaJ and GrpE. under the control of an inducible 
promoter, and they more preferably express DnaK, 
DnaJ. GrpE, GroEL and GroES under the control of an 
inducible promoter 

In order to optimize the level and timing of expres- 
sion of the above-described chaperones without lower- 
ing the expression level of the desired protein, it is 
advantageous to independently control the expression 
of the chaperones and that of the desired protein. It is 
preferred that the inducible promoter used for chaper- 



one expression differs from the promoter used to 
express the desired protein. Although the promoter 
used to express the dnaK/dnaJ/grpE operon and the 
promoter used to express the groE operon may be the 
5 same, the level and timing of expression of DnaK, DnaJ 
and GrpE and those of expression of GroEL and GroES 
can be separately regulated by using different promot- 
ers. For example, a plasmid pG-KJE6 (Figure 1) is 
desirably used, wherein the plasmid comprises an araB 
10 promoXer-dnaK/dnaJ/grpE operon and a Pzt-1 pro- 
moter-g/oE operon. 

The pG-KJE6 is a plasmid constructed on the basis 
of a pACYC vector [Chang, A.C.Y. and Cohen, S.N.. J. 
Bacteriol. 134. 1141-1156 (1978)]. As shown in Figure 
is 1, the pG-KJE6 has a structure comprising a pACYC 
vector -derived ori, a Cm resistance gene, the araB pro- 
moXer-dnaK/dnaJ/grpE operon, and the Pzt-1 pro- 
moter-groE operon. Expression of DnaK, DnaJ and 
GrpE is induced by using L-arabinose, and that of 
20 GroEL and GroES is induced by using tetracycline. By 
adding L-arabinose end tetracycline at the same time, 
separately with time intervals, or at different concentra- 
tions, these two groups of chaperones can be 
expressed at the same time, or separately with time 
25 intervals, or at different levels as occasion demands. 

Two mutually closely related plasmids cannot usu- 
ally stably co-exist in the same host. This phenomenon 
is known as incompatibility. Any plasmid can serve as 
the plasmid of the present invention, as long as it has a 
so repiicon showing no incompatibility in E. coli with the 
expression vector for the desired protein. When 
pBR322 or another expression vector having the Col E1 
repiicon, for example, is used as an expression vector 
for the desired protein, the p15A repiicon, existing in a 
35 pACYC vector, can be used for the plasmid of the 
present invention. 

The plasmid of the present invention may further 
contain a selection marker gene as occasion demands 
in order to facilitate selection upon transformation. 
40 Examples of such selection marker genes include amp- 
icillin resistance (Amp r ) genes, kanamycin resistance 
(Km 1 ) genes, and chloramphenicol resistance (Cm') 
genes. It is desired that the selection marker gene used 
be different from the selection marker gene contained in 
45 the foreign protein expression vector. 

The above-described plasmids can be constructed 
by a method, for example, described in Molecular Clon- 
ing: A Laboratory Manual, 2nd ed., Sambrook, J. et al., 
Cold Spring Harbor Laboratory Press, New York. 1989. 
50 The construction of the above-described plasmid pG- 
KJE6 is concretely described in Examples set forth 
below. 

Methods for expression of the chaperone of the 
present invention using an inducible promoter, and 
55 methods for regulation of the expression levels of the 
chaperone of the present invention, using the above- 
described plasmids, are described below. 

In the present invention, the term "a cotransform- 
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ant" refers to that obtainable by introducing one of the 
above -described plasmids together with a foreign pro- 
tein expression vector into E. coli. 

Any expression vector for expression of a foreign 
protein can serve for the present invention, as long as it 
causes the desired foreign protein to be expressed in E. 
coli, and as long as it does not exhibit incompatibility 
with the above-described plasmids. A preference is 
given to a vector wherein the expression of the desired 
foreign protein is induced by an inducible promoter. 

The inducible promoters for expression of a foreign 
protein include the same promoters as those for expres- 
sion of the chaperone described above. The expression 
of a chaperone of the present invention and that of the 
desired foreign protein can be separately induced by 
using an appropriate promoter different from that used 
to induce the expression of the chaperone of the 
present invention. 

Also, the expression vector for expression of a for- 
eign protein may contain a selection marker gene as 
occasion demands. Such selection marker genes 
include the same as those for expression of the chaper- 
one described above. A double selection of cotrans- 
formants is made possible by using a selection marker 
gene other than that contained in the plasmid of the 
present invention. 

E. coli strains usable in the present invention 
include wild strains, such as HB101. JM109. MC4100, 
MG1655 and W3110; and various mutants, including 
protease mutants, such as Ion mutants, dpPX mutants, 
hsIV/U mutants, lon-clpPX double mutants and lon- 
clpPX-hslV/U triple mutants; pIsX mutants; rpoH dele- 
tion mutants; and rpoH missense mutants. 

In the present invention, protease mutants, such as 
Ion mutants, dpPX mutants, hsIV/U mutants, lon-clpPX 
double mutants and lon-clpPX-hslV/U triple mutants, 
pIsX mutants; and rpoH mutants, such as rpoH deletion 
mutants, can be favorably used to more stably express 
foreign proteins. 

A preferable lon-clpPX double mutant is E. coli 
strain KY2263 (FERM BP-6238) derived from E. coli 
strain MC4100, prepared by introducing double deletion 
mutations in the Ion and dpPX genes. The E. coli 
KY2263 has been deposited under accession number 
FERM BP-6238 with the National Institute of Bioscience 
and Human-Technology, Agency of Industrial Science 
and Technology, Ministry of International Traae and 
Industry, of which the address is 1-3. Higashi 1-chome, 
Tsukuba-shi, Ibaraki-ken, 305-0046. Japan; date of 
original deposit: February 18, 1997; and date of transfer 
request from the original deposit to the International 
Deposit under the Budapest Treaty: January 26, 1998. 

Also, the term "lon-clpPX-hslV/U triple mutant" 
refers to a mutant prepared by introducing mutation in 
the above-described lon-clpPX double mutant and fur- 
ther in the hslV/U gene, which encodes HsIV/U pro- 
tease. A preference is given to E. coli strain KY2266 
(FERM BP-6239) derived from E. coli strain MC4100, 



prepared by incorporating triple deletion mutations in 
the ton, dpPX and hsIV/U genes. The E. coli KY2266 
has been deposited under accession number FERM 
BP-6239 with the National Institute of Bioscience and 

5 Human-Technology, Agency of Industrial Science and 
Technology, Ministry of International Trade and Industry, 
of which the address is 1 -3, Higashi 1 -chome, Tsukuba- 
shi, Ibaraki-ken, 305-0046. Japan; date of original 
deposit: February 18, 1997; and date of transfer request 

r0 from the original deposit to the International Deposit 
under the Budapest Treaty: January 26, 1998. 

Also, examples of the pIsX mutants include, for 
instance, a pIsX mutant having a mutation of insertion 
of the tetracycline resistance gene into a position corre- 

15 sponding to the N-terminal region of a polypeptide 
encoded by pIsX (Japanese Patent Laid-Open No. Hei 
8-140671). 

Examples of the rpoH deletion mutants include, for 
instance, E. coli MC4100 ArpoH [Zhou. Y.N. et al., J. 
so Bacteriol. 170, 3640-3649 (1988)], E. coli MG1655 
ArpoH, and the like. In the rpoH deletion mutants, the 
expression levels of all heat shock proteins controlled by 
a 32 , including chaperones and proteases, are lowered. 
By sufficiently supplementing such chaperones having 
25 their expression suppressed by transformation of the 
rpoH deletion mutants with, for example, pG-KJE6, it is 
expected that a system of low protease contents and 
high chaperone contents can be provided with favorable 
effects for stable expression of unstable foreign pro- 
se teins. Also, the rpoH deletion mutants are sensitive to 
temperature, and they usually cannot grow at tempera- 
tures exceeding 20°C. By supplementing GroEL and 
GroES as described above, the rpoH deletion mutants 
can grow at temperatures exceeding 20°C, and hence 
35 facilitating their handling. It is, therefore, particularly 
preferable to use the rpoH deletion mutant. 

In the present invention, the foreign protein to be 
expressed may be any protein, as long as it is a foreign 
protein that is expressed in unstabilized form and/or 
40 insolubilized form in E. coli. Such foreign proteins 
include interferons, interleukins, interleukin receptors, 
interleukin receptor antagonists, granulocyte colony- 
stimulating factors, granulocyte macrophage colony- 
stimulating factors, macrophage colony-stimulating fac- 
45 tors, erythropoietin, thrombopoietin, leukemia inhibitors, 
stem cell growth factors, tumor necrosis factors, growth 
hormones, promsulin, insulin-like growth factors, fibrob- 
last growth factors, platelet-derived growth factors, 
transforming growth factors, hepatocyte growth factors, 
so bone morphogenetic factors, nerve growth factors, cili- 
ary neurotrophic factors, brain-derived neurotrophic fac- 
tors, glia cell line-derived neurotrophic factors, 
neurotrophine, prourokinase. tissue plasminogen acti- 
vators, blood coagulation factors, protein C, glucocere- 
55 brosidase, superoxide dismutase, renin, lysozyme, 
P450, prochymosin, trypsin inhibitors, elastase inhibi- 
tors, lipocortin, reptin, immunoglobulins, single-chain 
antibodies, complement components, serum albumin, 
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cedar pollen allergens, hypoxia-induced stress proteins, 
protein kinases, proto-oncogene products, transcription 
factors and virus-constituent proteins. 

A calcium chloride method, a rubidium chloride 
method, an electroporation method and other conven- ; 
tional methods can be employed to introduce the plas- 
mid of the present invention together with an expression 
vector for a foreign protein into E. coli. Screening for 
cotransformants can be carried out using chemicals 
appropriate for selection marker genes. Expression of 
the foreign protein can, for example, be confirmed by 
such means as Western blotting. 

The present invention further provides a method for 
producing a foreign protein using the above-described 
cotransformant. The method comprises the steps of: 

(1) checking chaperone induction conditions for sta- 
bilization and/or solubilization of a foreign protein 
subject to expression; 

(2) culturing a cotransformant to induce expression 
of chaperones and the foreign protein under the 
induction conditions checked in (1) above, and har- 
vesting the cells; and 

(3) disrupting of the harvested cells, and isolating 
and purifying the foreign protein using a purification 
method depending upon the foreign protein. 

First, by taking an example of expression of 
prourokinase as a foreign protein, it is possible to specif- 
ically check that the chaperone function can be more 
effectively exhibited by coexpression of mutually coop- 
erating DnaK, DnaJ and GrpE using the 
dnaK/dnaJIgrpE operon of the present invention, as 
compared to a case where only DnaK and DnaJ are 
expressed using a known dnaKldnaJ operon. 

Aplasmid pAR3 (ATCC87026), the plasmid derived 
from the pACYC vector, and carrying a Cm resistance 
gene and araC and araB promoter/operator genes, is 
cleaved with a restriction endonuclease Pst\ at a posi- 
tion downstream of the araB promoter, and the resulting 
cleaved plasmid is blunt-ended. Thereafter, an about 3 
kb coding region of the E. coli dnaKldnaJ operon pre- 
pared by PCR and an about 0.6 kb coding region of the 
grpE gene are inserted into appropriate sites to prepare 
a plasmid pKJE7 for expression of DnaK, DnaJ and 
GrpE from a single operon under the control of the araB 
promoter. 

Next, the plasmid pKJE7 is cleaved with restriction 
endonucleases fispHI and Kpn\ to remove almost the 
entire coding region of the grpE gene, and the resulting 
cleaved plasmid is blunt-ended. Thereafter, the result- 
ing plasmid is self-ligated. A plasmid for expression of 
only DnaK and DnaJ under the control of the araB pro- 
moter is isolated and named as pKJ1 . 

Next. E. coli MG1655 (CGSC6300; E. coli Genetic 
Stock Center. Yale University) is transformed by the 
rubidium chloride method with an IPTG-inducible plas- 
mid pUK-02pmO [Kanemori. M. et al.. J. Bacteriol. 176. 



5648-5653 (1994)], and one of the plasmid pKJE7 and 
the plasmid pKJ1 prepared above. The resulting 
cotransformant with pUK-02pmO and pKJE7 and the 
resulting cotransformant with pUK-02pmO and pKJ1 are 
; isolated, and named as cotransformants NK284 and 
NK287, respectively. 

Each of the cotransformants NK284 and NK287 
prepared above are respectively cultured at 37°C in L 
broth supplemented with 1 mg/ml L-arabinose. When 
70 Klett Unit reaches about 40, 1 mM IPTG is added to the 
culture. After culturing for one hour, a portion of the cul- 
ture is taken, and trichloroacetic acid is added so as to 
give a final concentration of 5% to precipitate the cells. 
Each of the precipitates is collected by centrifugation 
15 and washed with acetone. Thereafter, the washed cells 
are dissolved in a sample buffer for SDS-PAGE, and 
proteins are separated by SDS-PAGE, followed by 
detection of induced chaperones by CBB staining (Fig- 
ure 2, left panel). 
20 The cells of each of NK284 and NK287 recovered 
by centrifugation of the remaining portion of the culture 
mentioned above are disrupted by sonication. Thereaf- 
ter, the disrupted cells are fractionated by centrifugation 
into a soluble fraction and an insoluble fraction to detect 
25 prourokinase in each fraction by Western blotting using 
an antibody against urokinase (Figure 2, right panel). 

It is clear from Figure 2 that when DnaK, DnaJ and 
GrpE are coexpressed. almost entire prourokinase are 
expressed in a soluble form, whereas when only DnaK 
30 and DnaJ are coexpressed, the prourokinase 
expressed is only partially solubilized, the remaining 
being expressed in an insoluble form. 

The method for producing a foreign protein using a 
cotransformant NK241 by using the plasmid pG-KJE6 
35 and an expression vector for a cedar pollen allergen, 
such as a Cryptomeria japonica pollen allergen Cryjll 
will be explained concretely hereinbelow. When 
expressed in E. coli, the Cryjll is an unstable protein, its 
half-life is about ten minutes as determined by Western 
40 Wotting of the amount of Cryjll remaining in cells in 
which protein synthesis is blocked by addition of spec- 
tinomycin. 

Studies on Conditions for Chaperone In duction Suit- 
45 able for Stabilization and/or Solubiliz ation of Cryjll 

First, E col: JM109 is transformed with pG-KJE6 
alone, and a transformant is obtained by selection with 
chloramphenicol. The resulting transformant is cultured 

so at 30°C in an L broth supplemented with 0 to 3 mg/ml L- 
arabinose and 0 to 150 ng/ml tetracycline. When Klett 
Unit reaches about 40. trichloroacetic acid is added to 
the culture so as to give a final concentration of 5% to 
precipitate the cells. Thereafter, the proteins are sepa- 

55 rated by SDS-PAGE, followed by detection of induced 
chaperones by Coomassie brilliant blue (CBB) staining 
(Figure 3). As shown in Figure 3, each of chaperones is 
induced which is concentration-dependent on the 
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chemicals used. 

Nex1, NK241, which is an MG1655 cotransformant 
with pG-KJE6 and an IPTG-mducible expression vector 
for Cryjll is cultured in the same manner as described 
above, except that 0 to 8 mg/ml L-arabinose and 0 to 1 0 5 
ng/ml tetracycline are added. When Klett Unit reaches 
about 40, 1 mM IPTG is added to the culture. After cul- 
tunng for two hours, a portion of the culture is taken, and 
trichloroacetic acid is added so as to give a final con- 
centration of 5% to precipitate the cells Thereafter, the i 
proteins are separated by SDS-PAGE, followed by 
detection of induced chaperones by CBB staining or 
detection of Cryjll by Western blotting (Figure 4). As 
shown in Figure 4, when DnaK, DnaJ and GrpE are 
coexpressed, oi GroEL and GroES are coexpressed. or 
all five piotansaie coexpressed, the Cryjll is expressed 
in a high level 

Also, the cotransformant recovered by centrifuga- 
tion of the remaining portion of the culture is disrupted 
by sonication. Thereafter, the disrupted cells are frac- 
tionated by centrifugation into a soluble fraction and an 
insoluble fraction to detect solubility of Cryjll in each 
fraction by Western blotting (Figure 5). As shown in Fig- 
ure 5. Cryjll is expressed in an insoluble form when only 
DnaK. DnaJ and GrpE are coexpressed (lanes 2 to 5), 
while it is stabilized in a soluble form when expression of 
GroEL and GroES is induced at the same time in the 
presence of relatively low amounts of DnaK, DnaJ and 
GrpE expressed (lanes 6 to 9). When DnaK, DnaJ and 
GrpE are expressed in great excess, however, Cryjll is 
expressed in an insoluble form even when expression of 
GroEL and GroES is induced at the same time (lane 
1Q). tt is. therefore, seen that when expression of GroEL 
and GroES is induced at the same time. Cryjll ^solubi- 
lization owing to overexpression of DnaK, DnaJ and 
GrpE is suppressed to a certain extent. 

Cryjll stabilization can be shown as a half-life by 
quantrtating by Western blotting the amount of Cryjll 
remaining in the cells in which protein synthesis is 
blocked by addition of spectinomycin. Under the condi- 
tions shown above, the half-life is 40 minutes or more 
(Figure 6) 

In order to further clarify the effects of the chaper- 
ones on expression of Cryjll, the above-described Cryjll 
expression vector is introduced into each of DnaK, 
DnaJ. GrpE. GroEL and GroES mutants derived from 
MC4100 strain, and the expression and solubility of 
Cryjll are examined in the same manner as described 
above (Figure 7). As shown in Figure 7, Cryjll is 
expressed in an insoluble form in the DnaK mutant and 
the DnaJ mutant, while it is hardly affected in the GrpE 
mutant K can be deduced that Cryjll is soluble but more 
unstable with reduced expression levels in the GroEL 
mutant and the GroES mutant 

In consideration of these results, it is suggested 
that DnaK. DnaJ and GrpE have important effects on 
the Cryjll folding, because the Cryjll is expressed in an 
insoluble form when DnaK, DnaJ and GrpE are 



expressed in excess or in shortage. 

Next, the chaperones involved in the Cryjll folding 
are studied in further detail in the same manner as 
described above, using an rpoH deletion mutant 
cotransformant, NK196 (Figures 8 and 9). As shown in 
Figures 8 and 9, in the rpoH deletion mutant, the Cryjll 
expressed is very stable but is expressed in a consider- 
ably insoluble form because of the reduced amounts of 
a set of chaperones and proteases (Figures 8 and 9, 
•o lane "a"). Also, regarding the Cryjll solubilization, when 
only three of DnaK, DnaJ and GrpE, or only two of 
GroEL and GroES, are coexpressed, Cryjll is not solu- 
bilized (Figure 9. lanes "b" and "c"). Cryjll is solubilized 
for the first time when all five of DnaK, DnaJ. GrpE, 
75 GroEL and GroES are coexpressed (Figure 9, lane "d"). 
Furthermore, when the expression levels of DnaK, 
DnaJ and GrpE are further increased under the condi- 
tions for coexpression of the above-mentioned five pro- 
teins, re-insolubilization of Cryjll takes place (Figure 9. 
20 lane "e"). yielding the experimental results which are 
consistent with those obtained with NK241 . 

When combined together, the above-described 
results lead to the following hypothesis: GroEL and 
GroES bind to Cryjll to inhibit the above Cryjll degrada- 
25 tion by proteases without being much involved in Cryjll 
folding. On the other hand. DnaK, DnaJ and GrpE are 
closely associated with Cryjll folding, with an important 
role probably played by DnaJ. in particular. However, 
expression of DnaK, DnaJ and GrpE in excess would 
30 make Cryjll in an insoluble form. Thus, in order to carry 
out Cryjll folding efficiently, it is desired that two chaper- 
one groups, i.e., the group of DnaK, DnaJ and GrpE, 
and the group of GroEL and GroES, are present in 
appropriate amounts. This hypothesis agrees well with 
35 the existing hypotheses of mutual cooperation of the 
chaperones. 

It is novel to study the effects of the five chaperones 
of DnaK, DnaJ, GrpE, GroEL and GroES on expression 
of a foreign protein by coexpressing them at the same 
40 time or in groups, and their effective expression. Study- 
ing proteins, such as Cryjll, of which behaviors change 
depending on the kinds and amounts of the chaperones 
coexpressed is highly interesting from the viewpoint of 
the understanding of chaperone action. Also, the sys- 
45 terns in which only chaperones are overexpressed in 
the rpoH deletion mutants seem to be applicable to 
more efficient expression of other foreign proteins as 
well. 

5 o (2) Cultivation of NK241 . In ductive Expression of Chap- 
prnnes and Foreign Prnteins. and Recove r y of Cells 

The NK241 is cultured in the same manner as in (1 ) 
above, under suitable chaperone induction conditions 
55 thus obtained for expression of Cryjll in a stable and sol- 
uble form (10 ng/ml tetracycline and 1 mg/ml L-arab- 
inose). When Klett Unit reaches about 40, 1 mM IPTG is 
added to the culture, and the cells are harvested after 
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culturing for two hours. 

Isolation and Purification of Cryjll 

After the harvested cells are disrupted, the super- 5 
natant is recovered by such as centrifugation. The 
resulting supernatant is subjected to conventional puri- 
fication methods for proteins, such as gel filtration and 
various column chromatographies, to purify Cryjll. 

In another embodiment of the present invention, to 
human ORP150 is produced using a cotranstormant 
NK269 prepared by introducing into E. coii JM109 an 
expression vector pORP4 (induced with IPTG) for a 
human hypoxia-induced stress protein ORP150, and 
pG-KJE6. When human ORP150 is expressed in E. coii 15 
using pORP4 alone, the expressed ORP150 is mostly 
insoluble. Since NK269 cannot grow for unknown rea- 
sons, when L-arabinose is added to the culture at the 
initiation time of cultivation, NK269 is cultured to induce 
expression of human ORP150 in the same manner as sc 
above, except that L-arabinose and tetracycline are 
added when Klett Unit reaches about 40 (Figure 10). As 
shown in Figure 10, not less than half the human 
ORP150 produced appears in the soluble fraction when 
only GroEL and GroES are coexpressed (right panel, & 
lane "b"), and it is mostly soluble when only three of 
DnaK, DnaJ and GrpE or all the above-described five 
are expressed at the same time (right panel, lanes "c", 
"d" and "e"). 

Human ORP150 is, therefore, produced, for exam- 3 
pie, as follows: NK269 is cultured in L broth. When Klett 
Unit reaches about 40, 10 ng/ml tetracycline, 10 mg/ml 
L-arabinose and 1 mM IPTG are added to the culture to 
induce expression. After 2 hours of cultivation, the cells 
are harvested in the same manner as above, followed 3 
by isolation and purification of ORP150. 
The Examples illustrate the invention. 

Unless otherwise specified, the following examples 
were carried out by the methods described in Sam- 
brook, J. et al., Molecular Cloning: A Laboratory < 
Manual, 2nd ed., Cold Spring Harbor Laboratory Press. 
New York, published in 1989. Current Protocols in Pro- 
tein Science (ed. Coligan, J.E. et al.). John Wiley and 
Sons, Inc., etc. 

Example 1 

Preparation of pKJE7 

A plasmid pAR3 (ATCC87026), derived from a 
pACYC vector, and carrying a Cm resistance gene and 
araC and araB promoter/operator genes, was cleaved 
with a restriction endonuclease Pst\ at a position down- 
stream of the araB promoter, and the resulting cleaved 
plasmid was blunt-ended. Thereafter, an about 3 kb 
coding region of the E. coii dnaKldnaJ operon prepared 
by PCR and an about 0.6 kb coding region of the grpE 
gene were inserted into appropriate sites to prepare a 



plasmid pKJE7 for expression of DnaK, DnaJ and GrpE 
from a single operon under the control of the araB pro- 
moter. 

Comparative Example 1 

Preparation of pKJI 

The plasmid pKJE7 prepared in Example 1 was 
cleaved with restriction endonucleases SspHI and Kpn\ 
to remove almost the entire coding region of the grpE 
gene, and the resulting cleaved plasmid was blunt- 
ended. Thereafter, the resulting plasmid was self- 
ligated. A plasmid for expression of only DnaK and 
DnaJ under the control of the araB promoter was iso- 
lated and named as pKJ1 

Example 2 

i Preparation of NK284 Cot ranstormant 

E. coii MG1655 (CGSC6300; E. coll Genetic Stock 
Center, Yale University) was transformed by the rubid- 
ium chloride method with 10 ng of a plasmid pUK- 

5 02pm0 [Kanemori, M. et al., J. Bacteriol. 176, 5648- 
5653 (1994)], and 10 ng of the plasmid pKJE7 prepared 
in Example 1 , the plasmid P UK-02pmO being capable of 
inducing expression of human prourokinase with IPTG. 
The resulting cotranstormant with pUK-02pmO and 

o pKJE7 was isolated by selection with chloramphenicol 
and ampicillin, and named as a cotranstormant NK284. 

Com parative Example 2 

is Preparation of NK287 Cotranstorm ant 

Same procedures as in Example 2 were carried out 
except that the plasmid pKJ1 prepared in Comparative 
Example 1 was used in place of the plasmid pKJE7 in 
w Example 2. A cotranstormant with pUK-02pm0 and 
pKJ1 was isolated and named as a cotranstormant 
NK287. 

Test Example 1 

Fvpr^i pn nf Pmurokina ^ I '*in g NK2B4 and NK287 

The cotranstormant NK284 prepared in Example 2 
and the cotranstormant NK287 prepared in Compara- 

50 tive Example 2 were respectively cultured at 37°C in L 
broth supplemented with 1 mg/ml L-arabinose (manu- 
factured by Wako Pure Chemical Industries). When 
Klett Unit reached about 40. 1 mM IPTG (manufactured 
by Wako Pure Chemical Industries) was added to the 

55 culture. After culturing for one hour, a portion of the cul- 
ture was taken, and trichloroacetic acid was added so 
as to give a final concentration of 5% to precipitate the 
cells. Each of the precipitates was collected by centnfu- 
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gation and washed with acetone. Thereafter, the 
washed cells were dissolved in a sample buffer for SDS- 
PAGE. and proteins were separated by SDS-PAGE, fol- 
lowed by detection of induced chaperones by CBB 
staining (Figure 2, left panel). 

The cells of each of NK284 and NK287 recovered 
by centrifugation of the remaining portion of the culture 
mentioned above were disrupted by sonication. There- 
after, the disrupted cells were fractionated by centrifu- 
gation into a soluble fraction and an insoluble fraction to 
detect prourokinase in each fraction by Western blotting 
using an antibody against urokinase (manufactured by 
SANBIO BV) (Figure 2, right panel). 



Preparation of PG-KJE6 

The luciferase gene, located downstream of the 
Pzt- 1 promoter in a plasmid pUHE2Pzt-1 (made availa- i 
ble by Dr. H. Bujard of Heidelberg University, Germany), 
the plasmid pUHE2Pzt-1 carrying the Pzt-1 promoter, 
was cut out with restriction endonucleases Kpn\ and 
Xbal and ligated to the E. coli groE operon lacking its 
own promoter region, the E. coligroE operon being pre- ; 
pared by digesting pKV1561 [Kanemori, M. et al.. J. 
Bacteriol. 176, 4235-4242 (1994)] with a restriction 
endonuclease Xho\, to prepare a plasmid pGro8 for 
expression of GroEL and GroES under the control of the 
Pzt-1 promoter. Subsequently, the tetracycline repres- 
sor {tetR) gene ol about 800 bp was prepared from an 
E. coli strain having a transposon Tn10 by PCR, and 
the resulting gene was inserted into the Aat\ site 
upstream of the Pzt-1 promoter of pGro8, to give 
pGrolOR. 

Next, the resulting pGrolOR was cleaved with 
restriction endonucleases Sad and Awll to prepare a 
fragment containing tetR-Pzt-1 -groESgroEL. The 
resulting fragment was then blunt-ended and inserted 
into the Xmn\ site of the pKJE7 prepared in Example 1, 
to prepare a plasmid pG-KJE6 for expression of DnaK, 
DnaJ and GrpE under the control of the araB promoter 
and for expression of GroEL and GroES under the con- 
trol of Pzt-1. 



Induction Expression of Chaperone from pG- KJE6 in E. 
co// JM 109 

E. coli JM109 (TaKaRa Competent Cell, manufac- 
tured by Takara Shuzo Co., Ltd.) was transformed by 
the rubidium chloride method with 10 ng of the pG-KJE6 
prepared in Example 3. The transformants resulting 
from selection with chloramphenicol were cultured at 
30°C in L broth supplemented with 0 to 3 mg/ml L-arab- 
inose (manufactured by Wako Pure Chemical Indus- 
tries) and 0 to 150 ng/ml tetracycline (manufactured by 



Nacalai Tesque). When Klett Unit reached about 40, 
trichloroacetic acid was added to the culture so as to 
give a final concentration of 5% to precipitate the cells. 
Each of the precipitates was collected by centrifugation 
and washed with acetone. Thereafter, the washed cells 
were dissolved in a sample buffer for SDS-PAGE, and 
proteins were separated by SDS-PAGE, followed by 
detection of induced chaperones by CBB staining (Fig- 
ure 3). 

Example 5 

Preparation of NK241 cotransformant 

A region encoding mature Cryjll protein (Arg 46 - 
Ser 433 ) of a Cryptomeria jabonica pollen allergen Cryjll 
cDNA [Namba, M. et al., FEBS Lett. 353, 124-128 
(1994)] was inserted into the EcoRI-Psrl site of the 
IPTG-inducible expression plasmid pKK223-3 for E. coli 

> (manufactured by Pharmacia Biotech), to prepare 
pKCJ2. Subsequently, the lacP gene prepared from 
pMJR1560 (manufactured by Amersham) was inserted 
into the SamHI site of pKCJ2 to give pKCJ2l. 

E. coli MG1655 (CGSC6300; E. coli Genetic Stock 

; Center, Yale University) was transformed by the rubid- 
ium chloride method with 10 ng of the pG-KJE6 pre- 
pared in Example 3 and 10 ng of the Cryjll expression 
vector pKCJ2l described above. The resulting cotrans- 
formants were isolated by selection with chlorampheni- 

o col and ampicillin and named as cotransformant NK241 . 



Fx pression o f Qryjll ' lKino NK241 

NK241 prepared in Example 5 was cultured in the 
same manner as in Example 4, except that 0 to 8 mg/ml 
L-arabinose and 0 to 10 ng/ml tetracycline were added. 
When Klett Unit reached about 40, 1 mM IPTG was 
added to the culture. After culturing for two hours, a por- 
tion of the culture was taken, and trichloroacetic acid 
was added so as to give a final concentration of 5% to 
precipitate the cells. The precipitates were collected by 
centrifugation and washed with acetone. Thereafter, the 
washed cells were dissolved in a sample buffer for SDS- 
PAGE, and proteins were separated by SDS-PAGE, fol- 
lowed by detection of induced chaperones by CBB 
staining. Furthermore, Cryjll was detected by Western 
blotting using a monoclonal antibody N-26 raised 
against Cryjll [Sawatani et al., Allergy, 43, 467-473 
(1984)] (Figure 4). 

Also, the NK241 cells recovered by centrifugation of 
the remaining portion of the culture were disrupted by 
sonication. Thereafter, the disrupted cells were fraction- 
■ ated by centrifugation into a soluble fraction and an 
insoluble fraction to detect Cryjll in each traction by 
Western blotting in the same manner as above (Figure 
5). 
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Stability of Crvill Expressed in N K241 

NK241 prepared in Example 5 was cultured in the 
same manner as in Example 4, except that 20 ng/ml tet- 
racycline, or 8 mg/ml L-arabinose or both 20 ng/ml tet- 
racycline and 8 mg/ml L-arabinose were added. When 
Klett Unit reached about 40, 1 mM IPTG was added to 
the culture. After culturing for two hours, expression of 
Cryjll was induced. Spectinomycin (manufactured by 
Sigma) was then added so as to give a final concentra- 
tion of 500 ng/ml to stop protein synthesis. Thereafter, 
samples were taken at given intervals, and cells were 
collected. A total protein of each of the cells was sepa- 
rated by SDS-PAGE, and Western blotting was then car- 
ried out using a monoclonal antibody N-26 raised 
against Cryjll. The resulting Western blotting image was 
captured with a scanner, and the band intensity was 
assayed using an analytical software Intelligent Quanti- 
fier (manufactured by Nihon Bioimage) (Figure 6). 

Example 8 

Fx pression of P.ryill in Var ious Chaperone Mutants 25 

E coli MC4100 AdnaK52 [Nagai, H. et al., Proc. 
Natl Acad. Sci. USA 91. 10280-10284 (1994)] was 
used as a DnaK mutant, E. coli MC4100 AdnaJ259 
[Ishiai M et al.. J. Bacterid. 174, 5597-5603 (1 992)] as so 
a DnaJ mutant, E. coli MC4100 grpE280 [Ishiai, M. et 
al J Bacteriol. 174, 5597-5603 (1992)] as a GrpE 
mutant, E. coli MC4100 groEL44 [Tilly. K. and Geor- 
gopoulos, C. J. Bacteriol. 149, 1082-1088 (1982)] as a 
GroEL mutant, and E. coli MC4100 groES72 [Tilly, K. 35 
and Georgopoulos. C, J- Bacteriol. 149, 1082-1088 
(1982)] as a GroES mutant. According to the method 
described in Example 5, 10 ng of the Cryjll expression 
vector was introduced into each of these mutants, and 
the expression and solubility of Cryjll in each mutant 40 
were examined in the same manner as in Example 6 
(Figure 7). 

Example 9 

45 

pvpr ^inn of Crvill in rpnH Deletion Mu tant 

The ArpoHr.kan gene of E. coli MC4100 ArpoH 
[Zhou YN et al., J. Bacteriol. 170, 3640-3649 (1988)] 
was transferred into E. coli MG1655 by transduction so 
using T4 phage. A strain having ArpoH::kan transferred 
thereinto was selected using kanamycin resistance as 
an index Having confirmed that the strain grew at 20°C, 
while it could not grow at 30°C. 37°C or 42°C. E. coli 
MG1655 ArpoH strain, NK161 . was obtained. 55 

Same procedures as in Example 5 were carried 
out, except that E. coli MG1655 ArpoH strain, NK161, 
described above was used in place of E. coli MG1655 in 



Example 5, to give an rpoH deletion mutant cotrans- 
formant NK196. The expression and solubility of Cryjll 
were examined for the resulting deletion mutant 
cotransformant in the same manner as in Example 6 
(Figures 8 and 9). 

Example 10 



Pre paration of NK269 Cotransformant 

70 33 

A region encoding mature ORP150 protein (Leu - 
Leu 999 ) of a human ORP150 cDNA [Ikeda, J. et al.. Bio- 
chem. Biophys. Res. Comm. 230, 94-99 (1997)] was 
inserted into the Nco\ site of the IPTG-inducible expres- 
15 sion plasmid P Trc99A for E. coli (manufactured by Phar- 
macia Biotech) to prepare pORP4. E. coli JM109 was 
transformed with 10 ng of resulting pORP4 and 10 ng of 
pG-KJE6 prepared in Example 3 according to the 
method described in Example 4, to give a cotransform- 
20 ant NK269. 



Ex pression of Human ORP ^" ' Isinn NK269 

Since NK269 prepared in Example 10 could not 
grow when L-arabinose was added to the culture at the 
initiation time of cultivation, NK269 was cultured to 
induce expression of human ORP150 in the same man- 
ner as Example 6, except that L-arabinose and tetracy- 
cline were added when Klett Unit reaches about 40 
(Figure 10). 

According to the present invention, there can be 
provided an operon comprising polynucleotides encod- 
ing chaperones which can be used for expressing a for- 
eign protein in E. coli cells in a stabilized and solubilized 
form, a plasmid for expression having the operon. a 
cotransformant prepared by introducing the plasmid into 
E. coli together with an expression vector for a foreign 
protein, and a method for producing a foreign protein 
using the cotransformant. According to the present 
invention, an efficient production of a foreign protein in 
E. coli by means of genetic engineering techniques is 
made possible. 

Claims 

1. An artifcial operon comprising polynucleotides 
encoding each of chaperones DnaK, DnaJ and 
GrpE. 

2. The artificial operon according to claim 1, further 
cornprising an inducible promoter. 

3. A plasmid carrying the artificial operon according to 
claims 1 or 2. usable for expression of DnaK. DnaJ 
and GrpE. 
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4. The plasmid according to claim 3, further compris- 
ing a groE operon ligated to an inducible promoter, 
the plasmid being capable for expression of DnaK, 
DnaJ, GrpE, GroEL and GroES. 

5 

5. The artificial operon according to claim 2 or the 
plasmid according to claim 4, wherein said induci- 
ble promoter is selected from the group consisting 
of lac, trp, araB and Pzt-1. 

10 

6. A cotranstormant obtainable by introducing the 
plasmid according to any one of claims 3 to 5 into E. 
coli together with an expression vector for a foreign 
protein. 

75 

7. The cotranstormant according to claim 6, wherein 
E. coli is a protease mutant, a pIsX mutant, or an 
rpoH mutant. 

8. The cotransformant according to claim 7, wherein 20 
said protease mutant is a lon-clpPX double mutant 

or a lon-clpPX-hslV/U triple mutant. 

9. The cotransformant according to claim 7, wherein 
said rpoH mutant is an rpoH deletion mutant. 25 

10. A method for producing a foreign protein compris- 
ing using the cotransformant according to any one 
of claims 6 to 9. 

30 

11. A method for producing a foreign protein compris- 
ing: 

(a) culturing the cotransformant according to 
any one of claims 6 to 9 under conditions that 35 
cause expression of the chaperones and the 
foreign protein; and 

(b) recovering said foreign protein from the cul- 
ture. 

40 

12. The method according to claim 10 or 11. wherein 
the cotransformant is cultured under the conditions 
for induction of chaperones that the expression lev- 
els of DnaK, DnaJ and GrpE. and the expression 
levels of GroEL and GroES are at levels suitable for 45 
stabilization and/or solubilization of the foreign pro- 
tein. 

13. A kit comprising: 

50 

(a) the artificial operon according to claim 1 or 
2; 

(b) the plasmid according to any one of claims 
3 to 5; and/or 

(c) the cotransformant according to any one of 55 
claims 6 to 9. 

14. The cotransformant according to any one of claims 



6 to 9 or the method according to any one of claims 
10 to 12, wherein said foreign protein is selected 
from the group consisting of interferons, inter- 
leukins, interleukin receptors, interleukin receptor 
antagonists, granulocyte colony-stimulating factors, 
granulocyte macrophage colony-stimulating fac- 
tors, macrophage colony-stimulating factors, eryth- 
ropoietin, thrombopoietin, leukemia inhibitors, stem 
cell growth factors, tumor necrosis factors, growth 
hormones, proinsulin, insulin-like growth factors, 
fibroblast growth factors, platelet-derived growth 
factors, transforming growth factors, hepatocyte 
growth factors, bone morphogenetic factors, nerve 
growth factors, ciliary neurotrophic factors, brain- 
derived neurotrophic factors, glia cell line-derived 
neurotrophic factors, neurotrophine, prourokinase, 
tissue plasminogen activators, blood coagulation 
factors, protein C, glucocerebrosidase. superoxide 
dismutase, renin, lysozyme, P450. prochymosin, 
trypsin inhibitors, elastase inhibitors, lipocortin, rep- 
tin, immunoglobulins, single-chain antibodies, com- 
plement components, serum albumin, cedar pollen 
allergens, hypoxia-induced stress proteins, protein 
kinases, proto-oncogene products, transcription 
factors and virus-constituent proteins. 
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FIG. 1 
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